Morphological Study of the Diurnal Variation of the [OI] 5577A Night Airglow by Takahashi  Tadatoshi & Okuda  Mitsunao
Morphological Study of the Diurnal Variation
of the [OI] 5577A Night Airglow
著者 Takahashi  Tadatoshi, Okuda  Mitsunao
雑誌名 Science reports of the Tohoku University. Ser.
5, Geophysics
巻 22
号 1
ページ 19-33
発行年 1974-05
URL http://hdl.handle.net/10097/44717
The Science Reports of the  Thhoku University, Ser. 5, Geophysics, Vol. 22, No. 1, 1974.
     Morphological Study of the Diurnal Variation in the  [0.I] 
               557721°. Night Airglow Intensity 
                           TADATOSHI TAKAHASHI
                 Geophysical Institute, TohokuUniversity,  Sendai, Japan 
                                   and 
                             MITSUNAOOKUDA 
              Institute ofNatural Science, HirosakiUniversity, Hirosaki, Japan 
                           (Received December 14,1973) 
 Abstract: The diurnal variations i  the intensity of the  [OI] 5577A night  airglow 
      have been studied statistically together with thier seasonal characteristics us ng the 
     data obtained at Tohkatta for644 nights from July 1957 to January 1970. Diurnal 
      patterns of the variations of the line intensity are classified into 9 types, namely,  flat, 
      midnight peak, monotonous decrease, midnight valley, monotonous increase,dawn 
      peak, irregular increase, and undefined types. These types have the tendency to 
      change from day to day, but sometimes oneof them persists for several successive 
      nights. The statistical study of the monthly occurences of ach types shows that he 
      diurnal variation is characterized by a midnight peak in November, December, 
     January, and February; b  a mild pattern in March, April and May; by a increase in the 
     course of a night in June and July; and by an evening peak in September and October. 
     In the case of the diurnal variation with the midnight peak, the spatial distribution of 
     the intensity shows the general increase towards the north at the rate of 6  rayleighs 
     per degree at the midnight, but no significant tendency can be found at times before 
     and after the maximum intensity. 
§1.  Introduction 
   Atomic oxygen has a relatively long lifetime at levels near the emission layer. 
Therefore morphological features of the diurnal variation in the  [Of] 5577A  airglow 
intensity and the related phenomena may provide an important information of the 
dynamics of the upper atmosphere. 
   Historically, morphological studies of the [01] 5577A  airglow including the diurnal 
variation were made by Barbier (1958) and Roach (1961) during the IGY . Later 
Graume (1965) studied the 5577A  airglow morphology based on the data obtained at 
Haute Provence for 11 years. Silverman (1964), and Brenton and Silverman (1970) 
discussed the world-wide diurnal variation using the data from widely distributed IGY 
stations. Kato and Okuda (1962) reported the morphological results of the  [OI] 5577A 
airglow observed at Tohkatta during the years  1957-1961. General morphological 
characteristics of the [01] 5577A  airglow, such as the diurnal variation, annual varia-
tion, latitudinal distribution, and a structual feature of irregularities in the emission 
layer are given in the papers quoted above. 
   On the other hand, theoretical studies of the relation between the intensity of the 
[01] 5577A night  airglow and the dynamic behavior in the upper atmosphere were made 
by several researchers in recent years. Tohmatsu, et al. (1958, 1963) examined the 
effects of adiabatic motion, vertical flow, turbulent mixing, etc. on the  airglow intensity.
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I. Numbers of the nights for the study of the diurnal variation 
and the mean period of the nightly observations  (unit: hr).
Month
Case 
Obs.
Num. 
Time
Jan.
56 
 8.  1
Feb.
60 
 8.  3
Mar.
68 
 7.  7
 Apr.
53 
 7.  6
May
56 
 6.  6
Jun.
31 
 5.  8
Jul.
33 
 5.  9
Aug.
35 
 6.  9
Sep.
49 
 7.  7
Oct.
74 
 8.  6
Nov. Dec.
66 
 9.  4
63 
 9.  0
Total
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   Fig.  1. Monthly averaged diurnal variation in the  [OI] 5577A night  airglow intensity. 
Gadsen and Marovich (1969) investigated intensity fluctuations having a period of less 
than an hour or so, and concluded that these variations could be accounted for in terms 
of pressure waves of vertical wavelength down to several tens of kilometers and 
amplitudes up to ±30%. Forbes and Geller (1970) showed theoretical explanation 
for the observed luner variation, which is a minor component of the diurnal variation. 
   At present here still remains a question as to what modes of dynamic behavior 
of the upper atmosphere correspond to the observed diurnal variations. For this 
purpose, this paper intends to clarify a more detailed morphology of the diurnal 
variation in the  [OI] 5577A nightglow intensity, with a particular attention to the 
seasonal difference and to the relation between the temporal variation and the spatial 
distribution. The data used are as  follows. The observation of the  [OI] 5577A night 
airglow intensity was carried out with a scanning photometer at the Tohkatta Night 
 Airglow Observatory (38°06'N, 140°33'E) from July 1957 through January 1970. A
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        Fig. 2. Examples of the diurnal variation with irregularities in daily profiles. 
part of data on the hourly values was published in the Annals of IGY (1962). The 
semi-hourly isophotomaps for the period from August 1957 to December 1960 were 
constructed by Kato and Okuda (1965), and Kato, Okuda and Misawa (1968, 1969). 
This paper employs those which are recorded continuously for more than 5 hrs during 
a night. The numbers of the observing nights used for this study and the average 
durations of the observation during a night are shown in Table I. 
 §2. Morphological description of the  [0!] 5577A night  airglow intensity 
 2-1. Monthly averaged iurnal variations 
   For the investigation of the monthly averaged iurnal variations, the zenith 
intensity are used. In the paper, the diurnal variation is based upon the cube of the 
monthly averaged cubic root value of the observed intensity in rayleighs, since the 
histogram of cubic roots of observed values shows a normal distribution. Fig. 1 shows 
that the shape of the diurnal variation undergoes a series of changes by months. 
   From the end of Autumn to the beginning of Spring (November through February) 
the diurnal variation can be characterized by a mountain-like shape having its maxi-
mum centered at midnight. This midnight maximum is most clearly seen in the 
 profile for December, and the time of the intensity maximum shifts systematically from 
a time before the midnight for November to early morning for March. From May to 
July the intensity increases gradually during the night. There appears the hill-like
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 Fig. 3. Diurnal variations in the intensity for the four seasons showing the occurrence of 
    typical profiles. 
profile in August. In September and October the intensity maximizes in the evening, 
and then decreases steadily throughout the night, in contrast o the tendency observed 
in June and July. 
2-2. Classification of diurnal patterns 
   Usually the shape of the diurnal variation of the airglow intensity is not simple 
and changes from day to day as shown in Fig. 2. However, during certain months of 
a year a specific type of the diurnal variation persists for several days. Fig. 3 shows 
examples of such cases for the four seasons. Therefore the diurnal variation on the 
monthly basis is characterized ominantly by such a specific pattern. Since the 
monthly characteristics of the diurnal variation in the airglow intensity are considered 
to be related with the dynamic behavior of the upper atmosphere, this paper pays a 
special attention to the nature of a typical variation. The diurnal variations of the 
 "airglow are classified into 9 types according to the characteristic shapes listed in Table 
II. The monthly occurrence in percentage of each type is listed in Table III. 
   The type-2 diurnal variation which has a mountain-like profile with its maximum 
intensity centerd at the midnight is most predominant throughout a year. This type 
appears most frequently in Winter but less frequently in Summer. The occurrence of 
this type amounts to 66.9% of the nightly observations in December. Fig. 4 shows 
daily data available in Winter, from December 1962 to January  1963, and suggests 
that the type-2 variation appears to be overlapped on a steady background of a low
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Table IL Classification of the diurnal variations of the  [OI] 5577A  airglow.
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pattern
 7\ 
/-\
 .,A„Pi
type
 1
2 
3 
4 
5 
6 
7 
8 
9
notes
with no significant diurnal variation 
the maximum intensity centered at midnight 
decreasing after the evening peak 
monotonous decreasing during the night 
the minimum intensity centered at midnight 
monotonous increasing during the night 
increasing before the morning peak 
increasing type with irregular fluctuations 
irregular or undistinguishable variations
Table III. Monthly occurrence probabilities (%) of the various types of diurnal variations. 
  Numbers of the nights employed are given in the last column.
 Month
 type
Jan. 
Feb. 
Mar. 
Apr. 
May 
 Jun. 
Jul. 
Aug. 
Sep. 
Oct. 
Nov. 
 D  ec. 
 Total
8.9 
5.0 
10.3 
13.2 
1.5 
3.6
2
41.0 
55.0 
26.5 
3.8 
7.1 
9.7 
3.0 
14.2 
12.2 
13.5 
45.5 
66.9 
27.5
3
3.0 
2.9 
30.6 
25.6 
 6.1 
6.2
4
 16.  1 
 5.  0 
 8.  8 
 22.  6 
 8.9
 2.  1 
 6.7 
 1.6 
 6.7
5
 1.  8 
 6.  7 
 10.  3 
 7.  6 
 14.3 
 3.2 
 6.  1 
 8.2 
 13.5 
 6.1 
 7.0
6
 3.  6 
 6.  7 
 14.  7 
 13.  2 
 7.  1 
 6.4 
 2.9 
 2.7 
 3.0 
 5.3
7
 2.  9 
 9.  4 
 10.  7 
 51.  7 
 12.  1 
 2.  1 
 3.0 
 1.6 
 5.8
8
17.9 
6.4 
21.2 
5.7 
4.1 
1.4 
 6.1 
4.4
9
 28.  6 
 21.  6 
 26.  5 
 30.2 
 34.0 
 22.6 
 54.5 
 74.3 
 38.7 
 36.6 
 28.7 
 30.9 
 33.8
Num.
56 
60 
68 
53 
56 
31 
33 
35 
49 
74 
66 
63 
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intensity. The mean profile of this type is much better illustrated by averaging the 
 intensities referred to the time from the maximum intensity, and the result is shown 
in Fig. 5-a. The maximum intensities are about 1.7, 2.1, 2.0, and 1.8 times greater than 
that of the background intensity (the minimum value in the evening or in the morning) 
for November, December, January, and February, respectively. The duration of the 
 in  creasing trend is about 3.5 hrs, and that of the decreasing is about 5 hrs. Fig.5-b 
shows the average diurnal variation for nights excluding the type-2 variation. No 
remarkable change is found in the diurnal course in this figure. Thus the type-2 varia-
tion is concluded to be only a pronaunced characteristic of the diurnal variation in 
Winter.
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 Fig. 4. Examples ofthe diurnal variation observed in Winter. Type-2 variations are observed 
    overlapping on the low intensity background. 
   The characteristics of the othertypes of diurnal variation are described as follows. 
In the  type-1 variation, the intensity does not change markedly throughout a night. 
This type is observed on a little occasions during the months of January through April, 
and the  airglow intensity is usually less than 140 rayleighs. The type-3 variation is 
most frequent in September and October. Fig. 6-a shows the average type 3 variation. 
The averaged uration of the decreasing trend is about 5 hrs or longer, and is nearly 
the same as that of the type-2 variation in Winter. The ratio of the maximum inten-
sity to the minimum intensity is 1.9 and 1.7 for September and October, respectively. 
These values are somewhat smaller than those for the type-2 variation in Winter. 
Fig. 6-b in which no distinct variation is found gives the average diurnal variation for 
nights excluding the type-3 variation. The type-4 variation is characterized by a 
gradual increase in intensity and appears most frequently in March and April, but the 
occurrence probability is as low as about 14% even in these months. The type-5 
variation which has the minimum intensity centered at the midnight appears some-
times in Spring and Autumn. The occurrence probability of the type-7 variation is 
highest (51.7%) in June. This type of variation is also observed in April, May and 
July but seldom observed in the other months. The type-8 variation, in which the 
intensity increases with irregular fluctuations, is often observed in May and July. The 
type 9, the irregularly fluctuating variation, appears throughout a year and the month-
ly occurrence probability is as high as 54.5% in July and 74.5% in August. This 
result may suggest hat the emission layer of the  [OI] 5577A airglow is in disturbed 
condition in these months. 
2-3. The spatial  distribution 
   A simultaneous study of the spatial distribution and the temporal variation of 
the intensity should be better for understanding the dynamical effects on the  [0I] 5577A 
 airglow. The spatial distribution of the airglow intensity observed at the Tohkatta
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 Fig. 5. a) Curves for mean type-2 variations plotted as a function of the time from the maximum 
     intensity. b) Mean diurnal variation excluding the nights on which the type-2variation is
      found. 
Observatory was published in the form of semi-hourly isophotomaps. Assuming the 
height of the emission layer to be 100 km, the circular area of 350 km radius can be 
observed by the photometer. Usually the spatial deviation of the intensity of the 
[01] 5577A airglow within this area is of the order of ten rayleighs, which is very small 
compared with the range in the diurnal variation. 
   The spatial deviation in the intensityis studied here by introducing the difference 
between the intensities at the two points in the area of observation. If  DNS and  DEw 
are defined by 
 DNS = I(N, 69.4°)—I(S, 69.4°), 
 DEw = I(E, 69.4°)—I(W, 69.4°) 
where I (N, 69.4°) is the intensity in the northerly direction with a zenith angle of 
69.4° and so on,  DNS  and  DEw are simplified measures of latitudinal and longitudinal 
characteristics of the  airglow intensity at the Tohkatta Observatory. The latitudinal 
and longitudinal spans correspond to about 4.9 and 6.5 degrees, respectively. Examin-
ing the spatial distribution at the selected stages in each of the diurnal patterns, no 
distinct feature can not be found except for the type-2. 
   Table IV gives the values for  DNS,  DEW, and for the intensity at the zenith  (1z) in 
reyleighs at the times of late evening (T=-4 hr), intensity maximum (T=0 hr), and 
early morning (T= +4 hr) for 55 winter nights in which the type-2 diurnal variation
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  Fig. 6. a) Averaged intensities of the type-3 variation in September and October. The 
     mean intensities are plotted as a function of the time from the maximum intensity inthe 
     evening. b) Mean diurnal variation excluding the nights on which type-3 variationis 
      found. 
occurs. The values of  DNS in most cases are positive at the time of the intensity 
maximum, but such a tendency is not observed in the evening and the morning. An 
unusually large gradient amounting to about 150  rayleighs/500 km is recorded in the 
night of December 16-17, 1957. The exceptions that  DNS at the time of intensity 
maximum takes a large negative value are pointed out on December  13-14, 1958, 
November 15-16, 1961, and December 5-6, 1961. In these cases abnormally large 
deviations in the spatial distribution are recorded also in the evening and in the 
morning. As a whole, no distinct tendency is found for the deviation DEW. 
   The average values of  DNS and  DEW and the average zenith intensity are given in 
Table V. For comparison, similar values at the selected local times averaged over 
all types of variations excluding the type-2 are also given in the table. The averaged 
 DNS for the nights excluding the  type-2 variation shows a temporal variation different 
from that for the nights of the type 2. Thus the midnight peak in the type-2 variation 
has the distinct latitudinal variation which is represented by a gradient of about 6 
 rayleighs/degree. 
   Table VI gives the values of the spatial deviation for the other months same as in 
Table V. The dominant spatial variation in March is characterized by the negative 
 DNS, however, in examining the type-2 variation,  DNS at the peak on the type-2 nights
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Table IV. The values of spatial deviations in the two directions, DNS and  DEW, for the 
 type-2 variation in Winter. The intensity of the  airglow at the zenith is also given 
   in the column denoted by Iz. The intensity and the spatial deviations are given 
          in  rayleighs. The mark (*) denotes that no data are available.
Date
12.26 
12.27 
2.25 
11.10 
11.16 
12.14 
12.15 
12.16 
1. 3 
1. 7 
1. 8 
2. 3 
2.12 
11. 7 
11.30 
12. 1 
12.28 
12.29 
12.30 
1.24 
2. 5 
2.27 
2.28 
2.29 
12.20 
1.16 
1.18 
11. 7 
11.15 
12. 5 
12.24 
12.26 
12.28 
 1.20 
 1.30 
 2.20 
 2.22 
11.20 
11.22 
12.11 
11.11 
 1.22 
 1.24 
 2.19 
11. 8 
11.12 
12.18 
 2. 6 
11.18 
11.23 
12.27
1957.
1958.
1959.
1960.
1961.
1962.
1963.
1964 
1966
1967 
1968
Evening
(about 4 hrs before
the peak)
at the Time of the
Maximum Intensity
Morning
(about 4 hrs after
the peak)
 DNs  DEW  1z DNS  DEW  I,  DNS  DEW  I,
+10 
  *
+10 
  * 
+45 
+5 
 -45 
 -40 
+90 
+35 
+20 
+10 
 -30 
  *
+25 
 +10 
  * 
 0 
-10 
  * 
  * 
  *
+30 
 -35 
  * 
  * 
  * 
+50 
+30 
  * 
  *
+5 
 +5 
-15 
  * 
+10 
-5 
  *
 -30 
+20 
+20 
+10 
+10 
 -25 
+35 
-15 
  *
-15 
+20 
+10 
  *
 0 
  * 
-5 
  * 
 -65
-15 
+20 
 -65 
+5 
 -10 
-30 
  * 
 -5
  * 
-15 
  * 
  * 
 0 
  * 
  * 
  * 
 -60 
  * 
 -20 
  * 
  * 
  * 
+25 
+30 
  * 
  * 
-10 
  0 
+20 
  * 
+5 
+10 
  * 
+35 
+10 
+5 
-15 
+5 
  0 
+20 
 -50 
   *
 0 
+40 
 0 
  *
130 
 * 
120 
 * 
205 
130 
140 
115 
275 
110 
120 
160 
190 
 * 
520 
190 
 * 
130 
155 
 * 
 * 
185 
200 
200 
  * 
  * 
  * 
520 
140 
  * 
  * 
100 
80 
110 
  * 
140 
105 
  * 
150 
140 
205 
170 
150 
180 
275 
210 
  * 
130 
185 
185 
 *
 +150 
+45 
  0 
+45 
 +15 
+85 
 -40 
 -15 
 +170 
+10 
+70 
  0 
+30 
+35 
+20 
+30 
+45 
 -20
 -10 
+25 
 +10 
-15 
+35 
+5 
+80 
+55 
+65 
+80 
 -50 
 -70 
+50 
  0 
 +30 
-25 
+20 
  0 
+40 
+95 
 -5 
  0 
+50 
-10 
+20 
+75 
+45 
+60 
+55 
 -40 
+25 
-25 
+25
+25 
+40 
+5 
 -30 
-40 
-30 
-10 
 0 
+60 
-10 
 -45 
  * 
-20 
-5 
-40 
-20 
+60 
+20 
+5 
+65 
-15 
+55 
  * 
 +30 
 -35 
+25 
 +15 
 -20 
+20 
+45 
+30 
 -5 
+15 
+25 
 -20 
+5 
+30 
 -20 
+20 
  * 
+5 
 -25 
+30 
 -30 
+60 
-50 
-60 
+15 
 0 
+25 
-70
360 
295 
240 
485 
370 
455 
450 
335 
615 
200 
285 
225 
210 
270 
830 
400 
345 
235 
215 
205 
375 
395 
290 
285 
375 
305 
240 
615 
380 
520 
310 
140 
230 
200 
180 
200 
250 
275 
195 
170 
260 
325 
235 
280 
390 
425 
255 
210 
230 
300 
395
 -20 
+50 
-10 
+10 
+65 
-10 
+85 
-15 
   * 
  * 
+40 
   * 
+30 
 +5 
 -30 
 -45 
 -5 
   * 
 +10 
-10 
+50 
-10 
   * 
 +5 
   * 
+15 
  0 
 -40 
 -50 
-105 
 -5 
   * 
   * 
   * 
 +20 
   * 
 -5 
 -5 
   * 
-15 
 +10 
+25 
   * 
+20 
  0 
 -40 
 -20 
 -5 
 -20 
 -20 
+15
-10 
-15 
+10 
-10 
-30 
-5 
-30 
+10 
  * 
  *
-30 
  * 
+10 
+10 
-15 
 0 
  *
+5 
 -20 
+5 
+25 
-15 
  * 
-5 
+20 
 0 
 0 
+15 
-70 
+55 
+10 
  * 
  * 
  * 
-10 
  * 
  * 
+5 
  * 
+5 
+20 
  * 
  * 
  0 
-10 
 -30 
 -40 
+15 
 -10 
-15 
-10
180 
200 
90 
330 
250 
120 
145 
100 
 * 
  * 
165 
 * 
130 
180 
390 
195 
115 
110 
85 
105 
175 
145 
  * 
150 
280 
120 
95 
390 
240 
320 
135 
  * 
  * 
  * 
100
 * 
150 
155 
 * 
160 
180 
115 
 * 
215 
255 
235 
110 
100 
135 
125 
200
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Table IV (continuation)
Evening
(about 4 hrs before
the peak)
at the Time of the
Maximum Intensity
Morning
 (about  4  hrs  after
the peak)
Date DNS  DEW Iz  DNs  DEW  iz  DNS  DEw  Iz
1969.
1970.
1.22 
2.12 
 11.13 
1. 4
+20 
 —25 
 +10 
 0
+15 
+10 
—10 
 0
200 
205 
250 
115
+105 
+110 
+60 
+15
 +15 
 0 
+30 
+25
385 
490 
385 
185
—10 
  * 
—20 
+20
 —25 
  * 
+30 
 0
200 
* 
230 
155
  Num.  15SD 
 Num.  —10D10 
 Num.  D-15 
     Total
13 
16 
10 
39
8 
19 
9 
36
35 
11 
9 
55
21 
12 
18 
51
12 
17 
13 
42
7 
20 
12 
39
Average  +  6.  8  I  —  3 .  3 180  [ +32.0  I +3.6 322  —  1.  2  —  4.6 182
Table V. Averaged spatial deviations in two directions at 20h, 00h, and  04h LT in Winter. 
   The mark (*) denotes the intensity maximum of the diurnal variation. The column 
         denoted by N shows the number of the data used for the averaging.
Month
Type 2
11 
12 
1 
2
 11 
 Exclud. 12 
 Type  2 1 
      2
N
14 
17 
12 
12
21 
10 
10 
11
 DN-s
 +19.2 
 -4 .0 
+21.3 
 -7 .5
 -9 .  5 
 —4 .2 
 +20.7 
 +14.0
Evening 
 (20:00 LT)
DEW
+1.4 
 -7 .5 
 -1 .3 
 -0 .6
 +8.3 
 +15.7 
 +5.7 
 -4.6
 I,
260 
131 
156 
163
265 
195 
219 
230
Midnight
 (00:00 LT)
Morning
 (04:00 LT)
DNS  DEW  I  z  DNS  DEW
 
1  1Z 
 +  39.  3*
 +26.0*
 +  43.3*
 +20.  8*
++03.26**
 +12.  5*
 +5.8*
386*
3 2*
280*
288*
 --10 .4
 —  6.1
 +12.  5
 +  8. 1
 —8.  5
 —3.  8
 —7.5
 +5.7
246
159
132
164
+21.9 —3.8 
—1.5 +18.9 
+16.5 +9.4 
+12.7 —1.7
284 
223 
211 
212
+28.6 
 +11.7 
+7.8 
 +17.5
 +17.7 
 —0.8 
+2.4 
 —8.6
317 
218 
160 
245
Table VI. Averaged spatial deviations for the months of March through October.
Evening
 (20:00-41  :30LT)
Midnight
 (00  :00LT)
Morning
 (02 :3004  :DOLT)
Month Type N  DNS  DEM I  z  DNS  DEW  1z DNS 1  DEW I,
3 
3 
4 
5 
6 
7 
8 
9 
10
  2 
not 2
all 
all 
all 
all 
all 
all 
all
11 
39 
42 
27 
12 
13 
18 
24 
49
 -18.  5 
 -10 .3 
 --15 .4 
 -  0.5 
 +37.5 
 +34.0 
 +25.  0 
 -1.5 
 +18.  5
 -2 .8 
 -2 .4 
+7.1 
+2.4 
+3.6 
+1.8 
+8.7 
 -8.5
 +21.0
173 
204 
206 
231 
232 
251 
223 
422 
450
 +11.4* 
 -9 .1 
 -18 .  1 
 --24 .0 
 +34.0 
 +37.  0 
 +25.8 
 -15.5 
 +8.0  1
 +17.0* 
 -2 .  1 
 +3.4 
 +7.8 
 +1.4 
 +31.6 
+12.7 
 -11 .2 
 +12.5
199* 
198 
182 
242 
294 
291 
253 
331 
381
 -0 .9 
 -17 .6 
 -44 .0 
 -43 .  7 
 +56.0 
 +43.8 
+37.5 
 +5.5 
 -18 .5
 -5 .0 
 -  6.8 
 +6.4 
 +9.2 
 +  20.0 
 +1.  4 
 +0.4 
 -0 .3 
 +18.  0
200 
264 
212 
293 
349 
264 
204 
325 
385
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 Fig. 7. Annual variations of the  [0I] 5577A night  airgiow at the three selected local times. 
is positive as is the case in Winter. The averaged spatial variation in the other months 
is summerized as follows. In April and May,  DNS is negative being most pronounced 
in the morning. In Summer  DNS is positive during the night. In September the 
spatial deviation is less obvious. In October,  DNS is positive in the evening and 
negative in the morning. In these cases no particular characteristic for a certain type 
of variation is seen. 
   As mentioned above, the latitudinal variation of the  airgiow intensity is affected 
not only by seasonal effects but also by the variability in the intensity of the diurnal 
variation. Further the type of diurnal variations such as the type-2 in Winter has 
a characteristic latitudinal variation. 
2-4. Annual variation 
   Fig. 7 shows the annual variations of the intensity at the three local times, 21:30, 
00:00 and 02:30. Two clear maxima are seen in June and October in each of the three 
local times. This feature of the annual variation is confirmed to be in common to 
every stage of the solar activity. The seasonal change in diurnal variation profile is 
summarized in Fig. 8-a as the annual-diurnal diagram of the  airgiow intensity. Fig. 
8-b and 8-c are similar diagrams howing of the monthly minima and maxima of the 
intensity, respectively, at every local hours averaged for 12 years. In Winter, when 
the type-2 variation is dominant, the monthly minimum value shows a more distinct 
midnight peak as seen in the type-2 diurnal variation. It is interesting to point out 
that in Autumn when the intensity maximizes in a course of a year, the interrelation 
seems to be reversed as describing below. In October the monthly minimum shows 
a similar diurnal variation in the average value, while the monthly maximum value 
shows no pronounced variation. In the other months, it seems that the diurnal trends 
of both of the monthly minimum and maximum seem to be similar to the diurnal
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 Fig. 8-c).  Annual-diurnal diagram showing the monthly maximum intensities at every local 
      time. 
variations of the mean intensity. It must be noted for a review of these figures that 
case numbers ofobservation are different significantly by local times and by months. 
§3. Summary 
   In the preceding sections various aspects ofthe diurnal variations of  [0I] 5577A 
airglow are described using the data obtained atTohkatta, in the period from July 
1957 through January 1970. In each month the characteristic patterns ofthe diurnal 
and spatial variations are seen. The seasonal differences in the morphology of the 
 airglow variations are summarized as follows. 
Spring In this season relatively mild variations of the type 1, 4, 5, and 6 are frequent-
ly observed. The spatial distribution shows that the intensity is stronger in the 
southerly direction and such a tendency is most distinct in the morning. In March 
the type-2 variation which is dominant i  Winter is observed with a occurrence pro-
bability of 26%. The spatial distribution the type-2 nights is similar to that in 
Winter. 
Summer A monotonic increase with the morning peak or with irregular fluctuations 
is dominant i  June and July. Irregular variations are also remarkable in this season. 
The intensity is stronger in the northerly direction throughout a night. 
 Autumn The diurnal variation with the evening peak followed by a gradual decrease 
is a characteristic profile in September and October. Spatial distribution shows no 
distinct haracteristic in September. In October the values of  DNS  are positive inthe
 32 T. TAKAHASHI and M. OKUDA 
evening and negative in the morning on average. 
Winter In this season the diurnal variation has a peak centered at the midnight. The 
peak intensity is greater in the northerly direction. The averaged gradient in the 
latitudinal profile at the time of the maximum intensity is about 6  rayleighs/degree. 
The averaged urations of the increasing stage in the evening and of the decreasing 
phase in the morning are about 3.5 and 5.0 hrs, respectively. The averaged ratio of 
the maximum intensity to the back ground level is about 1.9 for the type-2 variation. 
   The classification of the  airglow diurnal variations is one of the useful methods 
for investigating the complex morphology of the diurnal features of the airglow. The 
seasonal characteristics of the  airglow diurnal variation can be described in datail by the 
classification. Furthermore, the distinction of a typical variation from the other types 
in a given season will lead to a better understanding the seasonal characteristics of the 
dynamical effect on the  airglow. The interrelation between the diurnal variation and 
the spatial distribution is an important aspect in regard to dynamic behavior of the 
upper atmosphere. For instance, in the case of the type-2, the latitudinal gradient of 
the maximum intensity centered at the midnight in Winter may be meaningful for the 
investigation of the mechanism for the dynamics of the emission layer in the upper 
atmosphere. A more comprehensive analysis using the world-wide data will be helpful 
for understanding the relation between the modes of the dynamic behavior of the 
upper atmosphere and the  airglow diurnal variation. 
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